The 'equal-compartment-agar-method' was employed to evaluate four allelopathic activity wheat cultivars on whole plant, root and shoot length and plant dry weight of four weed species. Wheat cultivars were included Niknejad and Shiraz (more competitive cultivars); Tabasi and Roshan (less competitive cultivars). In this study used four weed species (Secale cereale L., Avena ludoviciana L.: monocotyledon, Convolvulus arvensis L. and Vicia villosa L.: dicotyledon). Results showed that the allelopathic activity of wheat was associated with number of wheat seedlings and wheat cultivars. Results demonstrated that the whole plant and root length of weed species were significantly reduced in the presence of wheat cultivars. The degree of weed growth inhibition was depended on the number of wheat seedlings. All of the cultivars and densities caused promotion of dicot shoot length. Results indicated that the length of whole plant (-30.22%) and root (-57.74%) of C. arvensis and shoot length (-13.24%) of S. cereale had the highest sensitivity. None of factors had significant effect on plant dry weight of weed species.
INTRODUCTION
Wheat is the main crop in most provinces of Iran. The grain yield reduction due to weed infestation, in no control situation, has been estimated 30%. Although in different areas, depending on climatic conditions, dominant weed species vary, but some of them are common in most areas. The most prevalent weeds in wheat field are Secale cereale, Galium tricornutum, Convolvulus arvensis, Avena ludoviciana, Phalaris minor, Vicia villosa, and Sinapis arvensis. There are several methods to control of these plants. One of them is putting allelopathic and cover crops in weed management programs Rovira, 1969) . Wheat (Triticum aestivum) has been examined for differential allelopathic potential among accessions. In an experiment examining 286 wheat accessions for their allelopathic potential on the growth of Bromus japonicum and Chenopodium album, Sruell (1984) , reported that five accessions produced root exudates that were inhibitorier of the root growth of the receiver plant than a commercial cultivar, T64. More recently, 38 wheat cultivars and durum wheat (T. durum Desf.) were evaluated for their differential allelopathic potential against Lolium rigidum using an extract bioassay (Wu et al., 1998) . Some wheat cultivars significantly inhibited both the germination and radicle growth of L. rigidum. The allelopathic potential of wheat cultivars was positively correlated with the contents of total phenolic acids. Wu et al., (2000) examined a worldwide collection of 453 wheat accessions for allelopathic suppression on L. rigidum. It was found that 17-day-old seedlings of wheat accessions differed significantly in their allelopathic inhibition on the radicle growth of this weed species. Some accessions inhibited the radicle length of L. rigidum by more than 80% in comparison to non-wheat control. Zheng et al. (25) have reported that the inhibitory ability may be improved by increasing the density of wheat in production. Xu et al. (24) indicated that Barnyard grass plants grew shorter as rice plant density increased. Cheema et al. (4) showed that wheat straw aqueous extract significantly inhibited the germination and growth of sweet potato (Ipomoe batatas) and yellow nutsedge (Cyperus esculentus).
Wild wheat accessions (Triticum speltoides) have also been examined for allelopathic potential in Australia. Hashem and Adkins (6) found that one of 19 accessions of T. speltoides significantly inhibited the root length of Avena fatua L. and two out of eight accessions inhibited the radicle length of Sisymbrium orientale L. The possibility of transfer of allelopathic potential from wheat progenitors into modern wheat cultivars has been suggested as a means of suppressing weed growth. Seeds (wheat and weed) were sterilized by soaking them in 70% ethanol for 2.5 min, followed by 4 times rinsing in sterilized distilled water. Then seeds were soaked in 2.5% sodium hypochlorite solution for 15 min, followed by 5 times rinsing in sterilized distilled water. Seed pre-germination: Surface-sterilized each of the wheat seeds cultivars and weed seeds species were soaked in sterilized water for imbibitions of water in light at 25°C for 24 h and then rinsed with sterilized water. The wheat and weed seeds were incubated in light at 25°C for another 48 h, and weeds seeds incubated in light at 25°C for 48 h.
Description of equal-compartment-agar-method:
A glass beaker (800 mL containing 50 mL of 0.3% water agar (no nutrients) was autoclaved. Pregerminated wheat seeds of each cultivar were uniformly selected and aseptically sown on one-half of the agar surface with the embryo up. The beaker was wrapped with parafilm to prevent contamination and evaporation from the agar surface and placed in a controlled environment growth cabinet with a daily light/dark 25/13 cycle of 13/11 h. After growth of wheat seedlings for 7 days, 16 pre-germinated seeds of weed were aseptically sown on the other half of the agar surface. After sowing of weeds, the beaker were again wrapped with parafilm and placed back in the growth cabinet for continuous growth of 10 days. The growth of weeds alone was included as the nowheat as control.
According to the equal-compartment-agar method (ECAM), pre-germinated seeds of wheat cultivars were sown at different densities of 0 (as control), 8, 16 and 24 seedlings in glass beakers pre-filled with 50 mL of 0.3% water agar. Pre-germinated weed seeds were sown 7 days after the sowing of wheat seeds. The whole plant, root and shoot length and plant dry weight of weed seedlings were measured after 10 days of growth in growth cabinet.
Statistical analysis:
The experiment was established in a factorial design, completely randomized with 3 replications. There were two factors: wheat cultivars (Niknejad, Shiraz, Tabasi, and Roshan) and wheat density (0, 8, 16 and 24 seedlings). All experimental data were subjected to analysis of variance using SAS (Version 9.1) and the treatment means were tested by Duncan Multiple Range Test. Percentage inhibition on trait of weeds were calculated as treatment × 100 / control (23).
RESULTS AND DISCUSSION Monocot weeds
Secale cereale: Significant differences in whole plant length of S. cereale was observed in wheat cultivars, density and interaction of cultivar × density (p<0.01) of wheat. Density (p<0.01) and cultivar × density (p<0.05) of wheat had significant differences on root length of S. cereale. The result showed that S. cereale growth was significantly affected by the interaction of cultivar × density. In other words, the wheat density did not follow the similar pattern in all wheat cultivars, as Niknejad × 24 seedlings was maximum decreasing (-31.13%) in S. cereale compared to the control (Table  2) . Niknejad × 24 seedlings caused -44.47% decreases in S. cereale root length compared with control ( Table 2 ). The inhibition of weeds whole plant and root length may reflect the allelopathic potential of individual wheat cultivars. Roshan cultivar showed maximum inhibition (-15.35%) in shoot length of S. cereale (Fig. 3) . Results of this study are in agreed with results of Kuk Ahn and Chung (9); Inderjit et al. None of cultivars had significant different on S. cereale dry weight (Fig. 4) . Increase density caused decrease in S. cereale dry weight without significant differences (Table 1) , this results were disagree with the finding of Olfsdotter and Navarez (13) and Olfsdotter et al. (12) . Result of present study agree to these results Cheema et al. (4) reported that wheat straw aqueous germination extract stimulated dry matter production of cotton. The inhibition of S. cereal whole plant, root and shoot length by wheat cultivars may reflect the allelopathic potential of individual wheat cultivars. Results showed that more and less competitive wheat cultivars caused significant differences in S. cereale whole and shoot length (Table 3) Avena ludoviciana: The results showed that wheat cultivar (p<0.01) has significant effect on whole plant and shoot length of A. ludoviciana. Wheat density had effect on whole plant and root length (p<0.05) of A. ludoviciana. The interaction of cultivar × density of wheat had significant effect (p<0.05) on whole plant length.
A. ludoviciana length was inhibited significant (-26.98 %) by Niknejad × 8 seedlings (Table 2) . Results showed that the root and shoot length of A. ludoviciana, was decreased -46.09% and -4.14% by Niknejad respectively, compared to control (Fig 2, 3) . The magnitude of allelopathic effects varied among the wheat cultivars studied. Results of this study are in agreement with some authors (e.g. Wu et al. (20, 21, 23 Olofsdotter and Navarez (13)) who concluded that variation in allelopathic activity existed among cultivars.
In present study None of cultivars had significant different on A. ludoviciana dry weight (Fig. 4) agree to these results Kuk Ahn and Chung (9) reported that Thirty-one Hull extracts from 91 cultivated rice cultivars (including `Baekambyeo' and `Cheonmabyeo') showed no inhibition or stimulated dry weight accumulation of Barnyardgrass.
Maximum wheat density showed minimum inhibitory and maximum promotion of root and shoot length -26.92% and +16.62% respectively, compared to the control (Table 1) . Zheng et al. (25) have reported that the inhibitory ability may be improved by increasing the density of wheat in production but this report opposite to these results us in shoot length. Increase of density caused enhance dry weight but had not significant among densities (Table 1) . Results showed significant differences between more and less competitive wheat cultivars in view point of whole and shoot length of A. ludoviciana (Table 3) .
Results of this study declared that whole plant and root length of Monocot weeds were significantly reduced in the presence of wheat cultivars. The degree of inhibition was dependent on the number of wheat seedlings. Inhibition caused by different wheat cultivars can be attributed to presence of major(s) controlling the production of allelochemicals like acetic, propionic, butyric, vanillic, syringic, p-coumaric and p-hydroxybenzoic acids which are known to cause reduction in plant growth and act as herbicide (19, 14, 2) . .79 a Means with the same letter in each column are not significantly different at probability level of 5% using DMRT. 
Dicot weeds
Vicia villosa: None of factors had significant effect on V. villosa (Fig 1, 2, 3, 4) . Density of 24 wheat seedlings showed maximum inhibition (-29.17%) in root length of V. villosa (Table 1) . Inderjit et al. (8) claimed that the root length of Lolium perenne after sowing was suppressed by wheat, the extent of which was dependent on the density of wheat seeds. None of traits V. villosa had any significant different between more and less competitive wheat cultivars (Table 3) .
Convolvulus arvensis: Analysis of variance showed that in whole plant length of C. arvensis were significant different (p<0.01) among cultivars. Density (p<0.01) and interaction of cultivar × density (p<0.05) of wheat showed significant effect on root length, but in shoot revealed significant effect between density (p<0.05).
Whole plant growth of C. arvensis affected significantly by the interaction of cultivar × density of wheat. Niknejad × 24 seedlings had maximum inhibition in (-39/91%) C. arvensis (Table 2) . Results showed that Niknejad had the highest inhibition root length (-57.74%) of this weed (Fig 2) . Root length was the most reliable parameter because it had high sensitivity to allelochemicals and easy to measure (3). Therefore, root length may be a key parameter to verify allelopathic strength of different wheat varieties. All cultivars caused to promote shoot length (Fig 3) . None of cultivars had significant different on C. arvensis dry weight (Fig. 4) . Meissner et al. (11) reported bermudagrass residue reduced dry weight of several annual vegetable and agronomic crops. These results are disagreeing with finding us.
The highest density of wheat shown inhibitory in root length (-47.28%) and minimum promotion in shoot length (+8.17%) of C. arvensis, compared to the control (Fig 2, 3) . Xu et al. (24) indicated that Barnyard grass plants grew shorter as rice plant density increased. All of cultivars and densities caused promotion of dicot shoot length, this is probably due to competition for light on lesser leaf area. Results of this study are in contrast with those of Al Hamdi et al. (1), Kuk Ahn and Chung (9) . No one density had significant different on C. arvensis dry weight (Table 1) . Inhibitory effect of more and less competitive wheat cultivars were found significant on whole plant and root length of C. arvensis (Table 3) 
